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TECHNICAL NOTE NO. 594

TANK TESTS OF TWO MODELS OF FLYING-BOAT HULLS TO
DETERMINE THE EFFECT OF VENTILATING THE STEP

By John R, Dawson
SUMMARY

The results of tests made in the N.A.C.A. tank on
two models of flyine-boat hulls to determine the effect
of ventilating the step are given graphically. The step
of N.A.C.A. model 11-C was ventilated in several Aiffer-
ent ways ani it was found that the resistance of ths nor-
mel form is not appreciably affectel by aftificial venti-

lation in any of the forms triedi. PFurther tests made with -

the depth of the step ¢f model 11-C reducel likewise show
no appreciable effect on the resistance from ventilation
of the step. Tests were made on a model of the hull of
the Navy P3M-1 flying-boat hull both with andi without ven-
tilation of the step. It was founi that the discontinuity
which is obtained in the resistance curves of thiq model
is eliminated by ventilating the step.

INTRODUCTION

The designers of early flying-boat hulls were often
forced to proviie means for "ventilating" the step in or-
der to obtain reasonable performance on the water. With
improvements in the design of hulls, however, this prac-
tice became unnecessary and has been practically abandoned.
The construction is sti4ll revived occasionally, however,
and desizns incorporating ventilation of the step have
been presented at the tank quite recently. The forced
ventilation of the step 1s usually proposed by some one
who has been in touch with small motorboat practice, where
special means for ventilating the step are often provided.

The freguent citine of successful applicatlions of ar-
tificial ventilation to motor boat hulls led the Bureau
of Aeronautics of the Navy Lepartment to request an inves-—
tigation of the possibilities of improving the take-off
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performance of present flying-boat hulls by providing ar-
tificlial means of ventilating the step. Becausse of the
highser priority of other projects the tests were made as
vasible between tests of other models and were scattered
over a period of about two—years.

THE MODEL

The first model chosen for these experiments was
N.A.C.A, model 11-C. This modlel is not a scale model of
any particular flying-dboat hull but it is gZenerally simi-
lar to many hulls in use in Americs. The lines of this
moiel are given in reference 1, in which the results of a
general tank test on 1t are reporte&

The tests made with model 11-C showed that ventilation
of the stey had 1little effect on the resistance of . the
model, At the susgestion of the Bureau of Aeronautics,
further tests were made on a model for which it had been
found that under some conditions of loading a discontinu-
ity would be obtainel in the resistance curve at a speed
slightly lower than the hump speeil. The moiel chosen for
these tests (N.A.C.A. model 18) is a 1/6-size modiel of the
Navy P3M-1 flyine-boat hull. The lines of this model are
given in reference 2, in which the results of several epe-
cific tests on it are reportedl.

The several methods usel faor providing ventilation for
the step in thess tests are shown in figure 1. The follow-
ineg variations of N.A.C.A. models 11-C ani 18 were tested.

Model 11-0-l4a: stup ventilated by two tubes opening
at the deck of the model.

Model 11-0-14 with scoops: the same 28 model 11-C-14
but with air scoops added on the deck to increase the amount
of air. flowineg to the step.

Model 11-C-15: Dblower forcing air throueh a 1/16-
inch slot in the full-depth step.

Model 11-C-16: the same as 11-C-15 but with a 1/4-
inech slot in step. ’

Model 11-C-17: the same as 11-0-15 but with a 1/2-
inch slot in step. : ’ : D :
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Moiel 11-C-18: normal depth of step ventilateAd
from holes placed in bow of model (as requested by Bureau
of Aeromnautics).

Model 11-C-19: <ventilatel as 11-C-14 but Aepth of
step reduced to 1/8 inch. o

#foiel 11-C~20: ventilated as 11-0-18 but depth of
step reducei to 1/8 inch. '

Molel 18; moilel 18 without ventilation.

MoAsl 18-V: model 18 ventilated by two tubes open-—
ing at the 4Aeck of the modsel. '

APPARATUS AND PROCEDURE

The N.A.C.A. tank and its carriage are described in
reference 3. The towing gear usel in the present tests
was similar to the one described in reference 4.

The tests on the variations of moilel 11-0 were made
at constant speeil, fixed trim, ani constant load. Several
loads were testel ani most of the tests were masde for a
number of trims. All tne tests were made over a suffi-
cient speed range to determine the hump resistance. The
possibility that the ventilation of the step might reduce
the hich-speed resistance was investigatel by a few tests
at Hieh speeda,

The tests on model 18~V were maleg at constant speed
and constant load but free to trim. This method was cho-
sen becanuse tests of this nature had Jjust been made on
model 18 in connection with another research problem, and
the results showed marked Aigcontinuities in the resist-
ance curves. As the tests on moiel 18 had been made with
load parameters corresponding to sven.load coefficients
instead of seven pounds, the data for models 18 ani 18-V
are presented nondimensionally. The nondiimensional coef-
ficients used are: ' '

Resistance coefficient, GR = 'EF - -
wDb
A .
Load coefficient, CA= —3 G o .
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Speed coefficient, cv =

v
QEF_
wnerse YV is speed
| g, acceleration of gravity
b, maximum bsam of hull

A, load on water

, specific weight of water (w = 53.5 pounds
per cubic foot for the-water in the
N.A.C.A. tank during these tests)

R, water resistance
REBSULTS AND DISCUSSION

The results from the tests on moiel 11-C with the va-
rious types of ventilation are shown and are compared with
the results obtained without ventilation of the step in
figures 2 to 4. In these figures resistance is plotted
against speei anti the actual points obtalned In the ftwsts
ars shown, . :

The resistance of model 11-C is coapared with that of
models 11-¢-18, 11-C-14, and 11-C-14 with scoops in fisure
2. Although there are some sizable differences obtained
at the heaviest loads for the 3° and 5° trims, no consist-
ent differences dus to ventilation are indicated.

Tne first results from the high-speed tests of these
models seemed to show that ventilating the step produced
a reduction in the resistance at high speed. It was
later shown, as a result of teste made with the ventilat-
ing holes closed, that the reduction in resistance had
been produced by other causes. The final results of the
teats at high speeds. showed that the resistance at high
speeds was not reduced by ventilating the sftep. Because
of the inconsistency between the data from the two sets
of tests, the data for the high-spesd resistance of this
model are omitted. '

The results obtained from forced ventilation of the
step by means of a small blower are shown in figure 3.
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These results are given for one trim angle only but a few
points taken at sever~l other trim angles show similar
results., There appears to be no change in the hump re-
sistance due to the air being forced out through the step.

The effect of ventilating a very shallow step (1/8-
inch depth) is shown in figure 4. The results compared
with those obtained witn model 11-0-11 (reference 5),
which s the same model without ventllation, show no
change in resistance due to ventilation. :

In connection with the present tests some measure-
ments of the pressures obtained Jjust aft of the step of
model 11-C without ventilation were made by means of a
U-tube manometer. It was found that at very low speeds
negative pressures amountine to several inches of water
are obtained but 48 soon as the chines '"clean up! the
negative pressures are reduced to the order of 1/2 inch
of water anil the pressures are rsduced only slightly with
further increase in speed. o

The results obtained from the tests on moiel 18 are
shown in figure 5. The curves from figure 5 are repeated
in figure 6 without the test points. The test points on
this figure were obtained from model 18-V and their de-
parturcs from the curves show the effect of ventilation
of the step.

Figure 6a clearly shows that ventilating the step
has eliminated the Alscontinunous peak which occurs in the
resistance curves of model 18 at a spesed slishtly lower
than the hump speed. It will be noted that the curve for
8o = 0.2 has no perceptible discontinuity and the venti-

lation d4id not affect this curve. Figure 6b shows that
the trim is practically unaffected by the ventilation.

The discontinuity in the resistance curve referred
to above has been encountered frequently in tests made at
the N.A.C.A. tank. It occurs whén the chines Yclean up!,
i.e., the spray begins to break cleanly’ from the chines
without wetting the sides of the moiel, and air begins to
flow down the bottom just behind the step, thus bdringing
the pressure at the rear of the step nearly to atmospheric
Pressure, At speeds slightly less than the speed at which
the discontinuity occurs there undoubtedly exist very ap-
preciable negative pressures aft of the step. The magni-
tude of the Aiscontinuity and the speed at which it occurs
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are functions of the loading conilition ani tme form of
tne hull in the reszion of the step. If the form of the
hull is such that with a given loadineg conilition the
chines can clean up at a comparatively low speed, 1.e.,
the release of the negative pressures at the step is not
lelayed, the discontinuity usually Aoes not-appear or 1is
of .negligible masgnituie. :

It has been known for some time that this discon-
tinuity in the resistance curve couldl be eliminated by
ventilation. Tests made by the Navy Jdepartment in the
Experimental iuodel Basin at Washineton show results dgimi-
lar to those obtained in the present taests and the sub-
Ject is given some discussion in refsrence 6. However,
unless the peak of the discontinuity in the resistance
curve approaches the value of the humn resistance very
closely, its effect on the take-off performance will be
very small.

Resistance curves in which the iiscontinulty peak
equalnd the hump resistance have been obtained at the
N.A.C.A. tank in only a few cases. Hodel 18, undier some
loading coniitions, has this characterigtic, but even in
this case it .1s ocuestionable if 1t would have more than
a very slicght effect on the take-off characteristics be-
cause of the ,extremely short Auration of the pesak of the
Aigcontinuity andi because of the additional thrust avall~
able at the lover sveed as comparei with the hump speed.

These conasidierations, aloneg with the tenliency of the
hump resistance to becoms less ani less importuwmt in re-
cent designs, indicate that this Aiscontinuity in the re-
sistance curves may zenerally be lgnored. In cases whare
it 1s found by tank tests that the discontinuity may
cause troudble in tmking off, it can be eliminated by any
suitable method of providing relief for the nezative pres-
sure at the step. In a case of this nature it will prob-
ably be founl that a slight alteration in the lines of
the hull can achieve the desired result with less effect
on tne interior than would accompany the methods of ven-
tilation used in these tests. ’

This Aiscussion is based entirely on smooth water
tests in the tank andi the effect of rouszh water on the
discontinuity is problematical.

It should be notedl that the hisgh peaks occurrineg in
the resistance curves of hulls of the pointed-step type
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(s developed at the N.A.C.A. tank) are not analogous to
the discontinuitlies discussed above.

SONCLUS IONS

The following conclusiones are based upon the results
of tests of two hulls and are strictly velidi only for
those hulls. It is believed, howeveér, that the conclusions
will hold quite generally. .

l. If the resistance curve rises to a2 maximum before
the true hump ani, when the chines clean up, shows a sud-
den Arop in the form of a Aiscontinuity, the resistance at
speeds beclox this maximum may be reduced and the discon-
tinulty eliminated by providing ventilation of the step.

2, Unless the magnitule of the resistance just be-
fore the 4discontinuity equals or exceeds the resistance
at the trus hump the improvement in performance that may
be obtained from climinating the discontinuity by venti-
lating the step is relatively small.

3, Whan the peak of the discontinuity is greater than
the true hump, ventilation may help, but slight altera-
tlons in tne form of the hull will probably prove as suc-
cessful in reducing tne effect of the discontinuity to in-
significance.

Langley Memorial Aeronauwtical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., February 13, 1937.
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